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1 54t Title of the Invention: Flame-retarciant resin composition and the semiconductor sealing material and 
iaminaie .voicn ases .t 



(5") Abstract 

Prooiem: To propose a rlame-retardant resui composmon which has both a iugh degree of flame retardation 
without having co aad any halogen compound and excellent reliability. 

Means: :t is a resin composition consisting of: A) an epoxy resin having at least 2 individual epoxy groups 
m one molecule without having to contain a halogen atom. iB) a harcemng agent, and (C) an organic 
phosphorous compound having a structure in which there is a covaient bond of at least 1 phosphorous atom 
and a carbon atom in the molecule, and having at least 2 hydroxy! groups in the molecule. The 
phosphorous content :n the resin composmon is between 0.3 and 5% by weight. 



Claims 

Claim .'. A rlame-retardant resin composition characterized such that it is a resin composmon consisting of 
(A) an epoxy resin having at least 2 individual epoxy groups in one molecule and not having to contain a 
haiogen atom. (B) a hardening agent, and (C) an organic phosphorous compound having a structure in 
which there is a covaient bond of at least 1 phosphorous atom and a carbon atom in the molecule, and 
having at least 2 hydroxyl groups in the molecule; and the phosphorous content in the resm composmon is 
between 0.2 and 5% by weight. 

Claim 2. The rlame-retardant resm composmon mennoned in Claim 1 in which the hardening agent (B) is a 
compound or resm having at least 2 phenol type hydroxyl groups in 1 molecule. 

Claim .-. The rlame-retardant resm corrroosinon mennoned in Claim 1 characterized such that the organic _ 
phospnorous conroound (C) is the corrroound shown in the general formula (1). 
[Chemical formula 1 ] . . . ( 1 ) 

where R, indicates a hydroxyi group or hydrogen atom 

Claim A semiconductor sealing material which is basically composed of the rlame-retardant resin 

mennoned in each of Claims 1 ~ J ana an addmve. 
Claim A laminate which is basically composed of the tlame-retarcant resm composition mennoned in 
each of Claims 1 - 3 and a backing. 
Detailed Description of the Invention 
[000 1 ] industrial Field of Application 

The invention is concerned with a flame-retardant resin composmon and the semiconductor sealing material 
ana laminate which uses it which has excellent flame retardanon without having to use a haiogen-rype flame 

retardant. 
00021 Prior Art 

Therrnohardened resins, represented by epoxy resins, etc.. are widely used in electrical ana electronic 
device carts because of their excellent characterises ana there are many examples which provide flame 
retardation thus insuring safer, against fire. Generally in the prior an. compounds containing halogen of 
brominated epoxy. etc. have been -used for rnakmg these resins nre-retardant. These halogen containing 
compounds have a ingn degree of flame retardanon Not only io arcmanc brcmme compounds separate 
corrosive bromine and hydrogen bromide m thermal aecomposinon but. when breaking up m the presence 
of oxygen, highly poisonous poivbrcmodibenzohirane and poiyoromodfoenzooxine can be formed. Also. 
±e treatment of waste and garoage containing bromine :s very difficult. 

-0003' For such reasons extensive research of phosphorous compounds as a flame retaraant subsntunng for 
"rlame retaroants containing bromine is a widely known fact. When using phosphoric acid esters in epoxy 
resins, however, the range m which the;, can be used m problems of bleeding ana hydrolysis is limited. 
Also, with general phospnonc acid ester compounds having a runcnonai group of a phenol tvpe hydroxyl 
group, an separation of the phosphoric acid comes about by hydrolysis and the shortcoming arises of a 
marked deterioration in eiectr.cai properties and reliability. 



[0004] Prooiems Which the Invention Is to Solve 

This research is the result of assiduous investigation to solve the above mentioned problems and we are 
proposing a ilame-retardant resin composition which has a high degree of rlame retardation without having 
to add any halogen compound and the product charactensncs of which do not deteriorate. 
[0005] Means of Solving the Problems 

Thus, the invennon is a rlame-retardant resm composition and the semiconductor sealing material and 
laminate which uses it characterized such that it is a resin composition consisting of (A) an epoxy resin 
having at least 2 individual epoxy groups in one molecule and not having to contain a halogen atom, ( B) a 
hardening agent and ( G an organic phosphorous compound having a structure in which there is a covaient 
bond of at least I phosphorous atom and a carbon atom in the molecule, and having at least Z hydroxyl 
groups m the molecule: and the phospnorous content in the resm composition is between 0.3 and :% by 
weight. 

[0006] The Make-up of the Working Examples of the Invennon 

As mentioned above, when using phosphonc acid esters in epoxy resins, however, the range in which they 

u- „^]~rry C nfni^Hino nnH hvHmlvsis is limited Also, with general phosphonc acid ester 

compounds aaving a tuncnonai group of a phenol rype hydroxyl group, an separation of the phosphonc acid 
comes about by hydrolysis and the shortcoming arises of a narked deterioration in electrical properties and 
reliability. In order to solve such problems in the present invennon the technical essence is that flame 
retardation and reliability coexist whereby, for a phosphorous compound to be generated having a stable P - 
C bond against hydrolysis resistance, by having at least 2 phenol type hydroxy! groups in the 
tnphenyiphosphine oxide structure, it should bond strongly -rah the resm matrix. 
[000-1 In the invention bisphenoi A-cype epoxy resins, bisphenoi F-ype epoxy resins, bispnenol S-type 
epoxy resins, phenol novoiac rype epoxy resins, cresoi novoiac type epox- resins, naphthalene type epoxy 
resins, hionenyi type epoxy resins. N - giycidyi compounds dom aromar.c amine and a heterocyclic 
nitrogen base, for example. N. N - giycidyi aniline. tngycidayi :socyanarate. N. N. N\ N" - tetragiycidyi 
bis ■ P - ammophenyll - methane, etc. exemplify the epoxy resin ( A» having at least 1 epoxy groups in I 
molecule and not containing halogen, cut they [epoxy resins; ire not particularly limited :o these. Any 
lands of these can also be 'used m combinations. However, is .ong as tne m%er.non advocates a resm 
composition •vhich does not -use a halogen rype rlame retardam. ve exclude halogen containmg epoxies 
such as and brominated bisphenoi A epoxy ana brominatea novoiac epoxy. out. m the manufacturing 
process of epoxy resins, chionne. contained in ordinary epoxy resins cngmatmg trom eoichiorohydnn. is 
unavoidably intermingled. The quantity of that is of the orce: of several hundred ?pm in the hycirolync 
chionne at a level generally known by the manufacturer. 

rOOOSl For tne hardening agent 3) usee in the invention ai "hose commonly .down to manufacnirers can 
be -used but. particular!:., straight chain diamines of C 2 - CO such as ethylene diamine, tnmethyiene 
diamine, tetramethyiene diamine, amines such as hexamehtviene diamine, methapheniiene diamine. 4. V - 
diammodipnenyl methane. r. diammodiphenyl propane, a. r - diaminodiphenyl ether, 4. v - 
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diaminoaipnenyl suifonc. 4, 4' - diammodicyciohexane. bis <4 - aminopnenyl) phenyl methane. 1.: - 
diaminonaphthaiene, metaxylilenc diamine, paraxylilene diamine, 1,1- bis (4 - aminophenyi) cyciohexane. 
diaminodiamide, novolac type pfaenoi resins such as phenol novolac resin, cresol novolac resin, ten - 
burylphenoi novolac resin, nonyiphenol novolac resin, etc., resoi rype phenol resin, poiyoxystyrenes such 
as poiyparaoxysryrene. phenol compounds in which the hydrogen atom is replaced with a hydroxyl group 
which bonds to a benzene nng, a naphthaline nng, another aromanc nng or naphthol rype araikyl resins 
such as phenol araikyl resin (phenol resins and acid anhydrides such as are obtained by co-condensanon or 
carbonyi compounds are good examples >, but they [hardening agents] are not particularly limited to these, 
[00091 As resin compositions tor the semiconductor sealing material the use of novolac rype phenol resins 
such as phenoi novolac resin, cresoi novolac resin, ten - burylphenoi novolac resin, nonyiphenol novolac 
phenol resin, etc.. resoi type phenoi resins, poiyoxysryrenes such as poiyparaoxyryrene, and naphthoi type 
araikyl resins such as phenol araikyl resin are good because they are moisture proof and reliable. 
[00101 Next, :he organic phosphorous compound iC) used in me invention is shown in the general formula 
(. 1) and is synthesized by the method cited in The Journal of Organic Chemistry. 60. 5499 < 199:). 

ronr; 

[Chemical Formula I ] . . . ( 1 ) 

where R, indicates a hydroxyl group or a hydrogen atom 

[0012] 4 - bromoanisol reacts with dichlorophenyi phosphine or tnchlorophosphine and a phosphine oxide 
methoxy group subsnrute is obtained, then phosphine oxide hydroxyl group substitute is derived with 
tnbromoboron. 

[001Z- The mixing proportion of the epoxy resm (A) and the hardening agent (3) can be established at will 
considerjig ±ose things in order for the < C) component :o have a hydroxyl group. 3ut, if any runcnonai 
grouo has a large surplus, it is not gooa because of the aeciine m moisture -rooting, moidabiiity, ana 
electrical properties of the hardened matenai. The proportion of the i C component, me onospnorous 
content m the resin composition, i.e. weight proportion of die phospnorous atoms, snouid be m the range 
between 0.5 and 5% by weight. If this proportion is beiow 0.3% by -veiehr there is no rlame-retardant 
effect, and if it exceeds 5% by weight heat resistance ana moisture -rooting aeciine. Smce this has an 
influence on moidaDihty. it is not gooa. 

'00 1- The :lame-re:ardant resm composinon of ±e invention has a high cegree of rlame retaraanon 
-.vithout having to add any naiogen compounds and is a thermohardened resin which will not cause 
deterioration of product characteristics. 3eginmng with seaiings for sermconaucror elements, it can be usea 
aptly for seaimgs of eiectncai and electronics pans, coating, insulation, laminates, metai-ciad laminates, etc. 
"00 If] As sealing materials for sermconaucror elements ana as filling, silica powder, aiumina, :aic. calcium 
carbonate, titanium white, clay, rmca. etc. are comoinea as necessary, releasing agents such as natural 
waxes, synthetic waxes, straight chain aliphatic metallic sait<, acid amide, ester, paraffin, colorants such as 
carbon black and red iron oxide, etc.. and various hardening accelerators are -used by manufacturers as 
commoniv known additives and can be used as resm compositions for sealing. The rlame-retardant resm 



composition of the invention, additives and other 'Jungs are chosen in a specific compositional rano and, 
after mixing it so that it is sufficiently uniform by a mixer, etc.. it is mixed with a heat roller or undergoes 
mixing treatment m a kneader. etc.. it is cooled, made to harden, and pulverized into an appropriated size so 
that semiconductor sealing material is obtained. By transfer molding, mjecnon molding, etc. it is used 
ideallv for a sealing of a semiconductor element. 

[0016] The varnish obtained by dissolving the tlame-retardant resin composmon in a solvent according to 
the invention is used in making coatings and laminates. For the making of a laminate, this vannsh is applied 
to or impregnated upon a substrate or" paper, glass woven fabric, glass unwoven fabric, or fabric not 
containing glass and by drying in a drying furnace in the range of 30 - 200 °C. a prepreg is Drepared. 
Heating and pressing this, a metal-clad bminate for a laminate or printed cucuit board is manufactured. 
[0017] For the invennon an ordinary solvent is used in the preparanon of the varnish of the rlame-retaroant 
resin composmon. It is necessary that the solvent used should show suitable solubility in pan or me whole 
of the composmon and a iow-grade solvent can be used in a range where there will not be any bad 
consequences. If we were to give examples of solvents which can be used. :hey are ketone type solvents 

inhpynnnne etc.. aromatic hvdrocarbca 

5U.LI1 dLClUUC, Alt Lliy 1 v- Liiv i Atiuui., >. — ~ ' 

solvents such as toluene, xylene, mesitylene. etc.. glycol ether type solvents such as methyl ceUosoive, ethyl 
cellosolve. buryl ceUosoive. isobutyl ceUosoive, diethylene glycol monomethyl ether. methylene glycol 
monomethyl ether, propylene glycol monomethyl ether, dipropylene glycol monomethyl ether, propylene 
glycol monopropyl ether, ethylene glycol monoisopropyl ether. Methylene glycol monoisopropyl ether, 
diethylene glycol monoisopropyl ether, etc.. ester type solvents such as methyl ceUosoive acetate, ethyl 
ceUosoive acetaie. butyl cellosolve acetate, ethyl acetate, etc.. diaikyi glycol ether type solvents such as 
ethylene glycol dimethyl ether, iiethyiene glycol diethyl ether, diethylene glycol diburyi ether, etc. amide 
type solvents such as N. N - dimethyl acetoamide. N. N - dimetnyi formamide. N - methyl - pyrroiidine. 
etc.. ana aicohoi type solvents suca as methanol, ethanol. etc. Ail kinds of these can aiso be used in 
combmanons. 

[001 SI 3elow we vviil describe the mvennon in more detail giving working examples. First, we will reter 
to Composition Examples .' and 2 of the organic phosphorous compound which :s an mgredient of the 
above-mentioned «a ±en. we wul reter to iVorictn? Examples ! - 5 tn wnica tr.e semiconcuctor sealing 
material and laminate are prepared combining these organic pnosonorous compounds. 
[00191 '.Composmon Example !) 

300 mi of dry THF and 3.-3 g 1 1.5 moi) of magnesium flakes are put into a 3 L flasK to wnic.i are attached 
an agitator, a dropping runnel, and a cooling tube: "5 ml of p - bromoanisoi 60 mmoil is added. .Vhen the 
Gngnard reaction has ended. 39.3 mi ,0.": mot) of p - bromoanisoi is added tor I hour. Then agitating it 
for : hour. 92.4 mi ,0.2-9 moil of die hiorophenyi pnospiune is slowly dripped into :t ana. after onpping, it is 
aettated for i hour. Pounng this into a cold hydrochloric acid solunon tn wtuch 10 g of ice have been put 
into '. Lota 1 0% hydrochloric acid solunon and ether extruding it "5. 1 g <": s '° yieidl or bis ip - 
methoxyphenyn phenyl phospmne is obtamed. 
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[0020] '3.0 g (220 mmoi) of bis ip - raeihoxyphenyt) phenyl pnosphine is added to a soiuaon OI: / 3 (2j0 
mmoi) of potassium permanganate m 2.5 L of water. This is agitated at room rcmperatuie for l6hours, 
chloroform extruded, washed and 66.9 g (90% yield) of bis (p - metfaoxyphenyi) phenyl phosphine oxide is 
obtained. 

[002 1] Putting 65.2 g (139 mmoi) of bis (p - rnethoxyphenyl) phenyl phosphine oxide and 1 L of 
methylene chloride into a 2 L rlask to which an agitator and cooling tube are attached, it is cooled in an 
acetone/dry ice soiunon to a temperature of- ^3 °C Putting 200 g (798 mmoi) of 3 brominated boron into 
this. :t is brought up to room temperature and agitated for 24 hours. Pouring itmto 2 L of cold water, by 
heating the solvent is extracted ana extruding in ethyl acetate, 40.9 g (95% yield) of bis (p - 
hydroxyphenyn phenyl pnospnine oxide 1 beiow. designated as the product (a)) was obtained At a meltmg_ 
pomt of 232 °C by elemental analysis the nnospnorous content was 9.9% and the hydroxide equivalent was 
157 g'eq. 

[0022] ( Composition Example 2) 

In the same manner is in Composition Example I except for using 3 phosphorous ehlonde instead or 

(heinw designated as the oroducqb)) 

was obtained. At a melting point of 273 °C by elemental analysis :he phosphorous content was 9.3% and 
the hydroxide equivalent was 109 g/eq. 
[0023] (Working Example !) 

We combined SO pans by weight of fused silica. 10." parts by weight of YX - 4000H ibiphenyl type epoxy 
resin, epoxy equivalence. 195 g/eq, manufactured by Shell Giermcai Epoxy). 5.2 parts by weight of XL - 
225 - 3L (Xyloc resin manulacrured by Mitsui Chemical, hydroxyl group equivalence. 175 g/eqj. 4.1 pans 
by weight of the product iai obtained in Composition Example . . 0.3 parts by weignt of a separanon agent 
i natural carnauoa wax. 12 oarts ov weight of a pigment i caroon biacsi. and 0.3 parts by weight oi a 
coupling agent i A -18b manufactured by Nippon Urucai. Then. :t :s conrmuaily mixed using a heat roller 
and a molded matenai tor use as a semiconductor sealing :s ootamed. ; .V e measured me spirai :low. 
bardenabiiity. :lame retardanon. and reliability of this molded mater.ai. The spiral flow was measured 
under condinons of 175 'C. "0 legfenr 'using a metal pattern based on EMM '■ standards. Hardenabiiity 
was evaluated by the moided product's buckle hardness for a melting nme of 120 seconds at 5 C. ror 
•Jie flame retardanon rest after molding at 175 =C for 3 minutes and hardening it after 3 hours at 175 5 C. a 
flame retardanon test sample of 1.6 mm thickness is made and evaluated by the vertical method m 
accordance with UL 94 standards. FinaUy. for reliability, by the same molding condinons as in the flame 
retardanon rest sample, a monitor - iC . I60DIP was molded upon vmca i simulated element was loaded, 
me reliability of this was evaluated with a failure numoer arter leaving :t for 1.000 hours at '.25 : C and 
1 00° o humidity. 

[00241 I Working Examples 3 - 41 
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Except for mixing biphenyl type epoxy resin YX - 4000H, Xyioc resin XL -225 -U and product (a) 
obtained in Composition Example I or product (b) obtained in Composition Example 2 according to Table 
1, doing the same as in Working Example /, the molded material was prepared and evaluated for spiral 
flow, hardenability, flame retardation, and reliability. 

[0025] [Comparison Examples I -4) 

Except for combining each ingredient according to Table 2, the molded material is prepared in the same 
manner as in Working Example I and its spiral flow, hardenability, flame retardation, and reliability is 
evaluated The evaluation results of Working Examples I ~ 4 and Comparison Examples I ~ 4 are shown 
in Table 1 and Table 2, respeenveiy. 
[0026] Table 1 . 
[Row 1, Column 1] Item 

[Row 1, Columns 2 - 5] Working Ex. 1, Working Ex. 2, Working Ex. 3. Working Ex. 4 

[Vertical heading for Rows 2-9] Combinanon .Amount ( Parts by Weight) 

[Row 2] tused silica 

[Row 5] pruuuLi (ai 

[Row 6] product (b) 

[Row 7] natural carnauba wax 

[RowS] carbon 

[Row 10] phosphorous component (% by weight in the resin composition) 
[Vertical heading for Rows 11-14] Characteristics 
[Row 11] spiral flow (cm) 
[Row 12] haraenaoiiity i buckle nardness) 
[Row 131 heat resistance test i UL 94) 
How 141 reliability i failure product'sampie) 
[002"] 
Table 2 

[Row 1, Column 1 ] Item 

[Row 1. Columns 2 - 5] Comparison Ex. I. Companson Ex. 2, Comparison Ex. 3, Comparison Ex. 4 

[Vertical heading for Rows 2-10] Combinanon .Amount (Parts by Weight) 

[Row 2] riised siiica 

'Row 5 ] product i a) 

[Row o] resorcin dipnenyi phosphate 

"Row Tiohenyi pnospnine oxide 

How S] natural camauoa wax 

[Row 0] carbon 

;Row 1 1] onosphorous component [% by weight in the resm composition) 
[Vertical heading for Rows 12 - 15] Characrensncs 
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[Row 12] spiral flow(cm) 

[Row 13] hardenability (buckle hardness) 

[Row 14] heat resistance test (UL 94) 

[Row 15] reliability (unsansfectory product/sample) 
[002S1 In Comparison Example 4 which uses a flame retardant of poor art because the amount of flame 
retardant added is comparanvely small spiral flow is long, hardenability is low and reliability is also low in 
spite of a low flame retardanon ratmg, V - 1. In Comparison Example 3 which uses a flame retardant of 
prior art. by increasing the amount of flame retardant added, there was an improvement in flame retardanon. 
V - 0. but reliability was lower. In Comparison Example ! which applied the organic phosphorous 
compound of the invennon. because the amount of phosphorous compound combined, flame retardanon 
was V - i and in Comparison Example 2 where the amount of phosphorous compound combined was small 
and the hydroxyl group equivalence was excessive, reliability declined In contrast to this, in iVonang 
Examples I ~ J which appiied the organic phosphorous compound of the invennon. ;ach one achieved a 
flame retardanon ratmg of V -0 and with the failure number of the monitor IC at 0. reliability was 

cuiliiucied cXCillcnt. 

[00291 ( Working Example 5) 

Adding the mixture solvent, methyl ccllosoivermetnyl ethyl ketone = 1/ 1, to 57.6 parts by weight of phenol 
novolac epoxy resin (Epicron) N-770 ( a product of Dai Nippon. Inc.. epoxy equivalence, 190 g/eq), 1.9 
parrs by weight of dicyan diamide, and 40.5 parts by weight of the product ( a) obtained in Composition 
Example !. a varnish is prepared to have a concentranon of non-volanie matter of 50%. At this time, in !00 
pans by weight total of the resin composinon the phosphorous component becomes 4.0% by wight Using 
this varnish. 30 parts by weight of the varnish soiid are impregnated into 1 00 pans of giass fabric 
i thickness. 0. IS mm. Nino Mills. Inc.;, drying it tor 4 minutes m a drying oven at 150 °C. a prepreg of 
44.4% resin content :s prepared Layering S sneers of the orepreg ootained ana on too of ana unaemeatn 
this a layer of 35 urn thick electrolytic copper foil, heat pressure molding is done for 120 minutes at I"0 °C 
and 40 kgf/cm : and a laminate clad with copper on both surfaces ofl.omm thickness is obtained. 
f0030l For the '.ammate obtained flame retardanon. soider heat resistance. ?eei strength, and giass transter 
temperature are evaluated. Flame retardanon is evaluated bv a vertical method according to LL *i 
standards. Solder heat resistance and peel strength are measured based on JTS C 0481. and for soider heat 
resistance, alter carrying out a moisture aosorpnon treatment by boding for 3 hours, the existence ot 
unusual outward appearance is investigated otter it has floatea m a soicer ruo at 360 for -SO seconds. 
Then, the giass transfer temperature is sought horn the rand temperature by a visco-eiasncity method 
[003 1 1 Comparison Examples -' d 5 

Except for each ingredient being combined according to Table 3. a laminate was prepared m the same 
manner as m Working Example 5 and flame resistance, solder heat resistance, peel strength, and giass 
transfer temperature were evaluated 
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[0032] 
Table 3 

[Row U Column 1] Item 

[Row i. Columns 2 - 4] Working Ex. 5, Comparison Ex. 5, Comparison Ex. 6 

[Vemcal heading for Rows 2 - 5] Combination .Amount ( Parts by Weight) 

[Row 2] EpicronN-770 

[Row 3] dicyananude 

[Row 4] product (a) 

[Row 5] oiphenyl phosphine oxide 

[Row 6] phosphorous component (% by weight in the resin composition) 

[Verncal heading for Rows 7- 10] Characteristics 

[Row 7] tlame resistance test ( UL 94) 

[Row 8] soider head resistance 

[Row 8, col. 2 & 3] not unusuai 

[Row 8. col. 4] blistering occurred 

[Row 9] peel strength (KM/cm) 

[Row 10] Tg (DMA method • °C) 
[0033] The evaluanon results of Working Example 5 and Comparison Examples 5 <t 6 were put together 
and are shown in Table 3. Comparison Example 6 which uses a tlame retardant of pnor art attained the 
heat retardation rating, V - 0. but. because the glass transfer temperature was low, in the solder heat 
resistance test olistenng occurred and peel strength was also low. In contrast to this, for Working Example 
5 and Comparison Example 4 soider heat resistance, peel strength, and glass transfer temperature ail 
showed good results, but. aithougn using the orgaiuc phospnorous corrroouna of the mvennon. Comparison 
Example a which has only a small amount added did not nave satisfactory results in :lame retaroauon. 
[0034] Effects of the Invennon 

The resm composmon using the organic phosphorous compound of the invention has a high degree of heat 
retardation without having to add a halogen compound combined with excellent reliability. It proposes a 
rlame-retaroant resm composmon. ana the semiconductor seaimg rr.arer.al and laminate using :l wmch can 
be -used suitably in applications where a non-halogen material is required m the ruture. 
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